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Purpose                  -

The purpose of this report is.to document the analysis of six flood control alternatives in the North
Delta of the Sacramento-San Joaquin Delta. The North Delta study area is shown on Figure 1. The
analysis was performed by Ensign & Buckley Consulting Engineers for the CALFED Bay-Delta
Program (CALFED), with ~sistance and/or input provi.ded by the CALFED staff, the County of
Sacramento Water Resources Division, and the Sacramento Area Flood Control Agency.

Background

The study, area has been subjected t~ repeated and ¯extensive flooding in the past, most recently in
1986 and 1997. As a result, the area has been the subject of previous studies, including studies by
the U.S. Army Corps of Engineers (COE), the State of California Department of Water Resources
(DWR), the County of Sacramento, and CALFED. This study utilizes much of the information and
modeling work .that was developed by these previous studies.

The primary sources of flood flows in the North Delta are from the Cosumnes River, Mokelumne
¯ River, and Dry Creek; with additional flows contribtited by the Morri.son Creek Stream Group. The
combined drainage, area of these watersheds is approximately 1,980 square miles. The COE has
estimated the 100-year peak flow from the combination of the Cosumnes and Mokelumne Rivers
and Dry Creek tobe just over 110,000 cfs. This is far greater than the capacity of the downstream
.channels; Lost Slough and the Mokelumne Riv.er. The limited capacity causes waterto backup into
a broad floodplain north of NewHope Tract in the area !~aown as the Franklin Pond.

The limited capacity of the Mokelumne River also causes water to backup Snodgrass Slough to the
north toward Lambert Road. Lambert Ro~td caps ¯a levee which generally prevents flood waters from
flowing north into the Stone Lakes area. The low point in the road is just above.elevation 11.0 and
during large storm e~ents, water.overtops the road and flows north into the Stone Lakes area.

Another significant feature of the region,, and of key concern to this ~tudy, is the McCormaek-
Williamson Tract. During large storm events, the combined flows from the Cosumnes and
Mokelumne Rivers are conveyed around the ’ McCormack-Williamson Tradt in the Mokelumne
River and Lost Slough .channels. As already indicated, these channels have limited capacity and
cause flows to backup against the east levee of the tract into the Franklin Pond area. If the water
level becomeshigh enough, it can trigger a failure of the levee, which results in the tract rapidly
filling with water. The water within the tract can then cause a levee failure at the southern end of
the tract, sending a surge of water into the North and South Fo~ks of the Mokelumne River, and
posing a flooding threat tor downstream areas. This failure scenario occurred during both the 1986
and the 1997 flood events. In 1986, the surge of flow out of the McCormack-Williamson Tract
caused a levee protecting Tyler Island to overtop and fail. In 1997, the surge caused boats to be
knocked loose from the marina at New Hope Landing.

¯ Because of the recurring problems caused by the failure of the M.cCormack Williamson Tract levees,
~. there has been significant interest in exploring ways to elimin.ate the problem. The County of
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Sacramento has previously explored using the tract as a floodway. Weirs were modeled at the
upstream and downstream ends of the tract in an effort to eliminate the uncontrolled surges into, and
out of, the tract. Modeling results indicated that it would be difficult, if not impossible, to use the
tract as a floodway without increasing peak flows and stages downstream of the tract under certain
flood scenarios.

Interes. t.in the McCormack Williamson Tract has been renewed due to a proposal by environmental
interests tO purchase the tract and convert it into fisheries and wild life habitats. CALFED has
commissioned this study to analyze the hydraulic effects of converting the tract into seasonal marsh
and. riparian forest habitats, and to explore additional measures to mitigate for increased flows
downstream of the trac.t.

Study Approach

Six different scenarios were analyzed for this study using the NETWORK version of the unsteady-
. flow model DWOPER. The DWR originally developed a NETWORK model of the North Delta for
its North Delta Program studies. Ensign & Buckley Consulting Engineers modified the DWR’s
model for use with Sacramento County’s Beach Stone Lakes Flood Control Study and calibrated the
model to better fit the. 1986 flood event stages and volumes. The COE utilized the model for its
South Sacramento County Streams Investigation, and made additional modifications to the model.
The COE’s modifications included the development of new storm hydrology and the addition of
several delta tracts (polders) to the .model. The COE provided their model to CALFED for use in
this study. Figure 1 shows the NETWORK model cross section locations.

Each flood control scenario was analyzed using two different storm events which were developed
by the COE. Both Storms were patterned after the 1986 event. The first storm, the Delta Specific
storm, produces 100-year flows from the Cosumnes/Mokelumne watersheds and concurrent flows
from the Morrison Creek watershed. The second storm, the Morrison Specific storm, produces 100-
year flows from the .Morrison Creek watershed and Concurrent flows from the Cosumnes and
Mokelumne Rivers. Hydrographs for these storms are shown on Figures 2 and 3. Documentation
of the development of the storms can be found in the July 1996 COE report entitled, "South
Sacramento County Streams, Morrison Creek Stream Group, California- Feasibility-Level
Hydrology."

Modifications tb the COE base model were made during this study. The levee elevations around
four delta tracts were updated with new data. A list of the revised tracts and the source of the levee
data i~ provided below:

Tract ’ Source of Levee Profile

New Hope Tract Kjeldsen-Sinnock & Associates Survey, March 1996

Tyler Island Kjeldsen-Sirmock & Associates Survey, March 1989

Canal Ranch Tract Murray, Bums, & Kienlen Survey, June 1991

Brack Tract Kjeldsen-Sinnock & Associates Survey, September 1989
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Analysis of Flood Control Scenarios

As previously indicated, six different flood control scenarios, plus the Base COndition, were
analyzed. A description of each scenario is provided below along with a description of each
scenario’s hydraulic effects relative to the Base Condition. Figures 4 through 9 present schematic
illustrations of each scenario. Tables 1 and 2 present the resultant stages at key locations for each
scenario.

Scenario 1 (see Figure 4): Scenario I involves removing 500-foot sections of levee
at the upstream and downstream ends of the McCormack-Williamson Tract to allow
a free movement of flow through the tract. This would allow the tract to be
converted into tidal marsh habitat, and would eliminate the uncontrolled Surge of
flood waters out of the tract due to levee failures. Modeling results indicate that this
scenario would provide a significant reduction in stages in areas upstream of the
tract. However, it also would result in significant increases in peak flow and stage
downstream of the tract. This is clearly illustrated by the results for the Morrison
Specific storm shown on Table 1. Scenario 1 reduces the peak stage at Franklin
Boulevard by 1.8 feet, and in the Beach Stone Lakes area by 1.5 feet. Downstream,
the scenario results in levee failures at Tyler Island, Staten Island, and Hew Hope
Tract. These levees do not fail in the Base Condition.

.....~ ¯ Scenario 2 (See Figure 5): Scenario 2 would also create bre~ehes in the levees at the
upstream and downstream ends of the McCormack-Williamson Tract, but additional
components are added in an effort to mitigate for the increased flows downstream.
Levee setbacks of 500 feet are added on a portion of the South Mokelumne River,
and Canal Ranch Tract is utilized as a tidal marsh/flood storage area. The levee
setbacks extend from the downstream end of McCormack-Williamson Tract (Section
125) to the upstream end of Canal Ranch Tract (Section 31).. The levees around
Canal Ranch Tract are breached at Sections 31 and.. 35.

As with Scenario 1, this scenario shows significant benefits upstream of
McCormack-Wil~iamson Tract and in the Beach Stone Lakes area. However, the
levee setbacks and the storage inCanal Ranch Tract do not completely mitigate for
the increased flows in the South Mokelumne. For the Delta Specific storm, Scenario
2 causes the failure of the Staten Island levee at Section 26 and the New Hope Tract
levee along Beaver Slough. It also causes Tyler Island to fail earlier, resulting in a
larger volume of water entering the tract.

Scenario 3 (See Figure 6): Scenario 3 is the same as Scenario 2, except Brack Tract
is added as a tidal marsh/flood storage area. The results for this scenario are virtually
the same as ,those for Scenario 2. The additional storage in Brack Tract does not
provide enough volume to mitigate for the increased flow in the South Mokelumne.

!~":"~ ~ Scenario 4 (See Figure 7): Scenario 4 breaches the upstream and downstream levee
...... , of the McCormack-Wiliiamson Tract and utilizes dredging in the North and South
~ Forks of the Mokelurnne River to convey the increased flows downstream. The
" limits of the dredging are shown on Figure 5, The dredged cross sections were

developed by the DWR for its North Delta Program. Due to concerns over impacts
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to shallow water habitats withif~ the channels, the dredging was generally limited to
those portions of the channel which were between elevation -10.0 and -20:0. A few
sections were dredged up to elevation -6~0.

For the Morrison Specific storm, Scenario 4 results in a reduced or unchanged peak
stage at every cross section inthe model. The most significant improvements occur
in the Franklin Boulevard area and the Beach Stone Lakes area, which see stage
reductions around 3 feet. Significant benefits are also seen at Glanville Tract, which
is prevented from failing, and although Canal Ranch Tract still fails, less volume
enters the tract.

For the larger Delta Specific storm, the results are mostly positive, but not entirely.
For this storm, Scenario 4 prevents Glanville Tract, Tyler Island, and New Hope
Tract from failing and provides a reduction in stage at most locations, except for the
South Mokelumne River. Increased stages on the South Mokelumne are seen.
between Sections 31 and 47, and range from 0.1 to 0.7 feet. These increases could
potentially be mitigated with levee improvements where necessary. It may also be
possible to eliminate, or minimize, the increased stages with modifications to the
proposed dredged cross sections at a few critical locations.

Scenario 5 (See Figure 8): Scenario 5 begins with the same components that are
included with Scenario 3 (McCormack-Williamson floodway, 500-foot levee
setbacks on the South Mokelumne River, and Canal Ranch and Brack Tract flood
Storage) and adds dredging on the North Mokelurrme. The limits of the dredging are
shown on F!gure 6. The dredged cross sections used for this scenario are identical
to thoseused on the North Mokelumne for Scenario 4.

For the MorrisonSpecific storm, Scenario 5 produces a reduction in stages at all
cross sections, except for Section 32, which remains unchanged. No Delta Tracts
fail.

, ,

For the Delta Specific storm, the results are similar to those for Scenario 4. Stages
are reduced throughout the study area, except in the South Mokelumne between
Sections 28 through 46. The most significant increases are seen between Sections
28.through 33, which ha~ie increases ranging from 0.3 to 0.9 feet. Even with these
increases, the modelpredicts no levee overtopping at any of the Delta Tracts. If
necessary, these increases could be mitigated with levee improvements, or possibly
with additional levee setbacks.

Scenario 6 (See Figure 9): The analysis of Scenarios 1 through 5 showed that using
McCormack-Williamson Tract as a floodway would result in a significant increase
in peak flow downstream of the tract.during a large storm event. Controlling the
higher flow would require increasing the conveyance capacity of the downstream
channels with levee setbacks, channel dredging, or a combination of the two. It is
unlikely that a project of that scope could be implemented ahead of the ultimate
CALFED alternative. Since there is interest in using McCormack-Williamson Tract
as wildlife habitat prior to the larger CALFED alternative, Scenario 6 was developed.
This scenario opens a 500-foot breac.h in the levee at the downstream end of the tract,
while keeping the remainder of the tract’s levees intact.
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Breaching the downstream levee would allow tidal marsh habitat to be created within
the tract. Leaving the upstream levee intact would promote continued use of the
floodplain storage in the Franklin Pond area rather than allowing flows to pass
unchecked through the tract.

For the Morrison Specific storm, Scenario 6 causes the peak flow in theNorth and
South Mokelumne Rivers to increase,.resulting in higher stages. The higher stages
cause levee failures at Tyler Island and New Hope Tract.

The results for the Delta Specific sform are similar. Flows are increased in the North
and South Mokelumne Rivers which causes higher stages.. Staten Island fails, and
a larger volume of water enters Tyler Island and New Hope Tract.

The reason forthe impacts of Scenario 6 can be understood by reviewing the timing
Of flows and levee failures in the system. In the Base Condition, the combined flow
from the Cosurunes and Mokelumne Rivers rises and, before the flow peaks, it causes
the levee at the upstream end of McCorrnack-Williamson Tract to fail. The tract fills
with water and eventually the levee at the downstream end of the tract fails from the
inside and flows surge into the downstream channels. However, the downstream
levee does not fail until after the peak flow from the Cosurnnes and Mokelumne
Rivers has passed. Thus the peak flow is attenuated by the storage in the Franklin
Pond area and Glanville Tract. For Scenario 6, because the downstream levee of
McCormack-Williamson Tract is breached, there is no barrier which promotes
attenuation of the Cosumnes/Mokelumne peak flow, and higher flows pass through
the tractand into the downstream channels.

Limitations of Study

During the course of this study, sever.al modeling assumptions and simplific, ations were made. These
are described below:

The 500-foot levee setbacks, which were modeled as a part of Scenarios 2, 3, and 5,
were accomplished by directly modifying the top width values in the NETWORK
input file. All top width values which corresponded, to an elevation at, or above, 0.0-
foot were simply increased by500 feet. ,This may introduce some inaccuracy since
the composite Mannings "n" value may change at each elevation. It is felt than any
inaccuracy introduced is relatively minor, and it would not affect the conclusions of
the analysis. However, if any of the affected scenarios are pursued further, it is
recommended that the Hydrologic Engineer Center’s Geometric Elements from Cross
Sections Coordinate program be used to generate the hydraulic data for all cross
sections with levee setbacks.

¯ The levees surrounding theDelta Tracts were assumed to fail if, and when, they were
overtopped. A failed levee was modeledt0 erode~over a period of 12 hours to a
maximum width of 200 feet with the base of the breach at the elevation of adjacent
natural ground. The flow through a breach was computed based on submerged weir
flow using a weir coefficient of 2.
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A reviewer of this report expressed some c0ncem over the use Of a 12-hour erosion
period for a failed levee. It was felt that levee failures’in the Delta occur much more

¯ rapidly than this, and that the conclusions ofthis report could change if a shorter
failure period was used. More specifically, it was felt that the use of a shorter levee
failure time on .McCormack-Williamson Tract could significantly increase the
predicted Base Condition stages downstream of the tract, and that these increases
could change the conclusions of the study. In response to this concern, the Base
Condition Network Model was modified so that the levees around McCormack-
Williamson Tract completely eroded over a period of 1 hour instead of 12 hours.
This change resulted in increased stages in the North and South Mokelum.ne Rivers
ranging from 0.1 to 0.3 feet, but these increases did not cause any additional levee.

i
failures to be predicted by the model. These results show that the predicted stages
in the North Delta are sensitive to the levee failure period, but not enough to affect
the conclusions of this report.

Scenarios 3 and 5 utilize both Canal Ranch Tract and Brack Tract as flood
storage/tidal marsh areas. For this analysis, the volume of the.two tracts were
combined into one storage area since this improved the stability of the model. If

.either of those scenarios is pursued further, it is recommended that these two tracts
be modeled separately.
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TABLE NO. 1
NORTH DELTA FLOOD CONTROL SCENARIOS

COMPUTED STAGES - 1986 STORM PATTERN, MORRISON SPECIFIC

"-"--"--’--" SCENARIO =RANKLIN 8. FORK MOKEL MOKEL ~ NORTH )ELTA TRACTS AND ISLANDS‘2 ~

FILE NO. DESCRIPTION SECT 13 =~T 28 SECT 35 SECT 88] .ANV. McCRMCK TYLER~ TATEN

CFB 86M Base Base Condition 19.3 12.3 8.5

CF1 86M 1 Floodway 17.5 13.8 7.5 14.t 8.2 13.4 3.8 15.6 ~! ~i
N/A

McCormack Floodway
CF2_86M 2 500’ Levee Setbacks 16.6 12.6 7.8 13.4 8.4 13.4 4.0 14.5 N/A N/A 0 N/A

Canal Ranch Storage
McCormaok Floodway 78.4 13.5 14.7 N/A N/A 7.7

CF3 86M 3 500’ Levee Setbacks 16.7 12.6 7.6 13.4
Canal & Brack Tract                                                                              ,
McCormaok Floodway - ,

CF4 86M 4 Dredge N. & S. Mokelumne 16.2 11.8 7.5 11.5 7.8 12.1 ’ 3.0 13.4 N/A N/A ~! NIA

McOormack Floodway N/A N/A ’ 4 7.4
CF5_86M 5 500’ Setbacks on S. Mokel 16.2 11.2 7.3 11.7 7,9 12.3- 3.0 12.9

Canal & Brock Storage                          -

]reach Downstream End of ;~ ~..’...~’ ~ N/A N/A I

NOTES:                                                                                                                      " ’
1. Beach - Stone Lakes Area
2. N/A indicates that the tract levees are not overtopped and are assumed to hold..
3. Shading indicates that the tract levees are overtopped and are assumed to fail. If a tract is intentionally flooded, it is not shaded.



i TABLE NO. 2
--} NORTH DELTA FLOOD CONTROL SCENARIOS
.:. COMPUTED STAGES - 1986 STORM PATTERN, DELTA SPECIFIC

ISLANDS23
BSL’ I NORTH DELTA TRACTS AND

"--"--"-" 8CENARIO-"-~ -- FRANKLIN $. FORK MOKEL. N. FORK MOKEL.
~ FILE NO. DESCRIPTION SECT 13 SECT 26 SECT 35 ~ SECT 1 (LE’-’-F~" ....... CANA---’--[" BRA-~

;FB._86D Base Base Condition 19.5 12.7 7.6 13.5 I 9.3 15.6 | N/A
~,’.’~’~,~; .............

McCorrnack Williamson                                                                                                   ~"~$~
~ 18.6 14.1 8.7 14.3 ~ I 8.3 14.4. ~ ,~;::=:--.---~,,,,~,~+:.=.~,

i~ ;Fl_86D 1 Floodway ~.,.-~.*~

MoCormack Floodway ,8.1
CF2 86D 2 500’ Levee Setbacks 17.8 13.3 7.6 - 14.1 8.5 14.3 I 4.7

Canal Ranch Storage
.~ McCormack Floodway
:~;’ CF3 86D 3 500’ Levee Setbacks t7,9 13.3 7.8 14.0 8.4 14.1 I 4.5 ~ 7.7. 72

Canal & Brack Tract Storag~                                      i
i McCormack Floodway i 4.3 N/A ~$~                        "

CF4 86D 4 Dredge N. & S. Mokelumne t7.5 12.6 8.5 .12.5 8.7 13.5" I N/A;

-~i McCorrnack Floodway "J 8.~             I~.
¯

CF5 86D 5 500’ Setbacks on S. Mokel t7.4 1210 ¯ 8.1 !2.8 3.9 13.6 I 4.3 N/A,    N/A 8.3 " ~1
~~ - Canal & Brack Storage
~ Dredge N. Mokelumne ~ .......... ~ ...............~:":°""~~,~ ..............

Breach Downstream End of - ~4~
~;~ ;F6 86D 6    M~CormackWillJamson 19.5. 13.9 8.2 14.3 8.7 15.0 ~ ~.~,’.,’,"i

~,~.,.~ I
Tract

NOTES:
i 1. Beach -.Stone Lakes Area
¯ ~ 2. N/A indicates that the tract levees are not overtopped and are assumed to hold. .

3. Shading Indicates that the tract levees are overtopped and are assumed to fail. If a tract is intentionally flooded, it is not shaded.
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-Delta Specific 100-Year Flows - 1986 Pattern
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